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Hinged Connecting Apparatus for a Lower Limb Prosthesis

The invention relates to a hinged connecting apparatus for a lower
limb prosthesis.

The Invention likewise relates to a prosthesis provided with the
5 aforementioned connecting apparatus.

A prosthesis for a lower limb with hinged connection generally
comprises:

- a first part capable of ensuring a thigh function,
- a second part capable of ensuring a leg function,
10 - a third part capable of ensuring a knee function,

- a fourth part capable of ensuring a foot function with a view to
supporting it on a support.

The invention can be used such that the knee is of monocentric type,
..e. with a single axis of articulation, or of polycentric type, i.e. with a plurality of
15 axes of articulation.

The hinged connecting apparatus is incorporated in the third part in
such a way as to ensure the articulated connection between the first part and

the second part, and this between two relative positions which are:

- a first position in which the first part and the second part
20 extend substantially in the prolongation one of the other,

forming a first angle, and

- a second position in which the first part and the second part
form a second predetermined angle corresponding to the
maximal flexion permitted by the prosthesis.
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The hinged connecting apparatus comprises a first device intended
to oppose a predetermined resistance at least during the flexion of the
prosthesis, this resistance being swiiched by said first device between two

values which are:

- a predetermined maximal value selected by default, and

- a predetermined minimal value selected when the first part and the
second part, having been situated in a third position adjacent to the first
position, are pulled towards the first position and are moved into this first

position.

When the prosthesis is worn by a person, i.e. the first part is
connected to an existing part of thigh, the person must be able to change the

configuration of the prosthesis and in particular:

- to raise the first part to force the prosthesis to bend and stretch to
place said first part and the second part in the second position,

- to press on the first part while the fourth part is in contact with a
support and to stretch to place said first part and the second part in the first

position.

The known hinged connecting apparatuses have their advantages,

but one faults them for not ensuring the complete safety of the person who
wears them, in particular when this person must descend an inclined surface, a

step or stairway.

One result which the invention aims to obtain is precisely an
apparatus that makes it possible to overcome this drawback.

To this end, the invention has as subject matter a hinged connecting
apparatus according to claim 1.
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- The Invention likewise has as subject matter a prosthesis for a lower
limb provided with the aforementioned connecting apparatus.

The invention will be well understood from reading the following
description, given by way of non-limiting example, with reference to the
attached drawing representing schematically:

Figures 1 to 3: side views of a prosthesis for a lower limb in different
configurations of functioning,

Figures 4 and 5: seen in section, a device used in the apparatus
according to the invention, according to two embodiments,

Figure 6: a simplified view showing the different relative positions of
parts of the prosthesis.

Referring to the drawing, one sees a hinged connecting apparatus 1
for a prosthesis 2 for a lower limb.

Conventionally, the prosthesis 2 comprises:

- a first part 201 capable of ensuring a thigh function,
- a second part 202 capable of ensuring a leg function,

- a third part 203 capable of ensuring a knee function,

- a fourth part 204 capable of ensuring a foot function with a view to
supporting it on a support 3.

The hinged connecting apparatus 1 is incorporated in the third part
203 in such a way as to ensure the hinged connection between the first part

201 and the second part 202, and this between at least two relative positions
which are:
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- a first position P1 in which the first part 201 and the second
part 202 extend substantially in the prolongation one of the
other, forming a first angle A1, and

- a second position P2 in which the first part 201 and the
second part 202 form a second predetermined angle A2
corresponding to the maximal flexion permitted by the
prosthesis 2.

Said differently, the first position P1 is the configuration for extension
of the prosthesis 2, i.e. the configuration in which the first part 201 and the
second part 202 form a first angle A1 which is the widest angle that they can
adopt.

In this first angle A1, the prosthesis 2 permits a person (not
represented) to hold himself in standing position.

Likewise, the second position P2 is the configuration for flexion of
the prosthesis 2, i.e. the configuration in which the first part 201 and the second
part 202 form a second angle A2, which is the narrowest angle that they can
adopt.

In this second angle A2, the prosthesis 2 permits a person (not
represented) to hold himself at least in sitting position, or in substantially
squatting position.

Besides a hinge mechanism (not shown), the hinged connecting
apparatus 1 comprises a first device 1000 intended to oppose a predetermined
resistance at least during the flexion of the prosthesis 2, this resistance being
switched by said first device (1000) between two values which are:

- a predetermined maximal value selected by default, and

- a predetermined minimal value selected when the first part
201 and the second part 202, being situated in a third
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position P3 adjacent to the first position P1, are pulled
towards the first position P1 and are moved into this first
position P1.

When the prosthesis is worn by a person (not represented), I1.e. the
s first part 201 is connected to a remaining part of thigh, the person must be able
to change the configuration of the prosthesis 2 and in particular:

- to raise the first part 201 to force the prosthesis 2 to bend and

stretch to place said first part 201 and the second part 202 in the second
position P2,

10 - to press on the first part 201 while the fourth part 204 is in contact

with a support 3 and to stretch to place said first part 201 and the second part
202 in the first position P1.

The third position P3 is a position of the prosthesis 2 which is
adjacent to the extension configuration.

15 In the third position, the first part 201 and the second part 202 form a
thira angle A3 which is less than the first angle A1 by some degrees, for
example by one point five degrees.

The apparatus 1 according to the invention comprises a second
device 2000 including at least:

20 - a first functional means 2100 capable of detecting the bearing of

the fourth part 204 on a support 3, at least by a first zone 2041 of this fourth
part 204 which corresponds to the front of a foot, and

- a second functional means 2200 capable

e of impeding the movement of the first part 201 and the second
25 part 202 towards the first position P1 when,
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ee on the one hand, they are situated in a third position P3 adjacent
to the first position P1 and they are pulled towards said first position P1 and

ee on the other hand, the first functional means 2100 does not
detect the bearing of the fourth part 204 on a support 3 by said first zone 2041,

5 o of allowing the movement of the first part 201 and the second
part 202 towards the first position P1 when, on the one hand,
they are situated in a third position P3 adjacent to the first
position P1 and they are pulled toward the first position P1
and, on the other hand, the first functional means 2100

10 detects the bearing of the fourth part 204 on a support 3 by
said first zone 2041 of the fourth part 204 (This latter situation
Is lllustrated in Figure 3, and the possibility of passage from

the third position P3 to the first position P1 is symbolized by
an arrow mark P1).

15 This way the prosthesis 2 cannot bend freely and in a way
detrimental to the person wearing it, particularly when this person must
descend one or more steps by leaning alternately on the prosthesis 2.

In fact, the second means 2200 prevents the prosthesis 2 from being
able to bend freely when it is pulled towards the extension configuration, but

20 when no support has been detected at the level of the first zone 2041
corresponding to the front of a foot.

This situation corresponds to the case where a person searches to
find a support on a step and to the case where the prosthesis must be able to

bend while opposing a sufficient resistance to compensate the weight of the
25 person.

On the contrary, the second means 2200 permits the free flexion of

the prosthesis 2 after it has attained the extension configuration, which allows
the second part to become freely articulated (or with a reduced resistance) in a
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phase of walking during which the person who wears the prosthesis brings the
prosthesis forward again to take a step.

The second means 2200 can comprise a processor functioning
according to a pre-established program and permitting the processing of
different operational data.

Advantageously, the prosthesis 2 for a lower limb comprises a fifth
part 205 intended to ensure an ankle function. '

Designated by the expression "ankle function" is at least one function
of mechanical connection between second part 202 and fourth part 204 and,
preferably a mechanical connection with possibility of flexion, even possibility of

articulation.

The first functional means 2100 is preferably situated (but not in a
limiting way) at the level of the fifth part 205 and is sensitive to mechanical
stresses that this fifth part 205 receives, in such a way as to detect the bearing
of the first zone 2041 of the fourth part 204 on a support 3.

The first functional means 2100 is made up, for exémple, of a sensor
of the type called a "strain gauge", and is fixed on a structural element
belonging to the fifth part 205.

One skilled in the art is able to determine, without inventive step, the
type of component most suitable for achieving the function sought.

The second device 2000 comprises a third functional means 3000
capable:

- of detecting the position of the first part 201 and of the second part
202 in an angular sector of predetermined value at least contained between the
first position P1 and the third position P3,
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- of informing the second functional means 2200 of the relative
position of the first part 201 and of the second part 202 in this angular sector or
outside this sector.

This way, the operation of the apparatus 1 is safeguarded.

5 . The third functional means 3000 is made up, for example, of an
angle transmitter, and is situated at the level of an axis of articulation that
comprises the third part 203 in view of the hinged connection of the first part
201 and of the second part 202 of the prosthesis.

One skilled in the art is able to determine, without inventive step, the
10 type of component most suitable for achieving the function sought.

The second functional means 2200 comprises at least:

- a first stop 2201 which, borne at least indirectly by the second part
202 of the prosthesis 2, adopts at least the same third position P3 as said
second part 202,

15 - a second stop 2202 intended to co-operate with the first stop 2201,

- a first functional element 2210 to guide the second stop 2202 at
least between two relative positions which are:

e a fourth position P4 in which it finds itself opposed to the first

stop 2201 to be able to co-operate with the latter when it

20 presents itself in the third position P3, in such a way as to
impede its movement towards the first position P1,

e a fifth position P5 in which it allows the movement of the first
stop 2201 towards the first position P1,

- a second functional element 2220 to immobilize the second stop
25 2202 in the fourth position P4 when the first functional means 2100 does not
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detect the bearing of the fourth part 204 on a support 3 by said first zone 2041
of this fourth part 204.

The first stop 2201 is borne, for example, by a structural element of
the prosthesis which belongs to the second part 202.

5 The second stop 2202 is borne, for example, indirectly by another
structural element which belongs to the third part 203.

One skilled in the art is able to determine, without inventive step, the
most suitable position for the first stop 2201 and the second stop 2202.

In a notable way:

10 - the first functional element 2210,

e consists of a first cylinder 2211 and first piston 2212 in which
the first piston 2212 bears the second stop 2202, and the first
cylinder 2211

e comprises a first chamber 2213, which, closed by the first
15 piston 2212, contains a fluid 2214 under the action of the first
piston 2212 and is connected to a capacitor 2215 by a

transfer conduit 2216 for this fluid 2214

* Is made up and configured in such a way that the second stop
2202 borne by the first piston 2212 is able to be guided at
20 least between the fourth position P4 and the fifth position P5.

- the second functional element 2220 is of controlled type and of type
permitting the control of the passage of the fluid 2214 in the transfer conduit

2216 in such a way as to make it possible to impede the movement of the first
piston 2212 or to allow this movement.

25 In the drawing, the fluid 2214 has been symbolized by small dots.
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According to one embodiment:
- the fluid 2214 is a fluid of hydraulic type, and

- the second functional element 2220 for control of the passage of

the fluid 2214 in the transfer conduit 2216 consists of a controlled valve 2220A

5 which, placed on the transfer conduit 2216 to be passed through by the fluid

2214, comprises an obstructor 2217 movable between a first situation S1

opposing the pasSage of the fluid 2214 and a second situation S2 enabling the
passage of said fluid 2214.

According to another embodiment:
10 - the tluid 2214 is a fluid of magetorheological type, and

- the second functional element 2220 for control of the passage of

the fluid 2214 in the transfer conduit 2216 consists of a solenoid 2220B
disposed locally about the conduit 2216 in such a way as to permit

e through a magnetic action, to coagulate the fluid 2214 locally
15 - with a view to causing the obstruction of the conduit 2216, or

e In the absence of magnetic action, to allow the passage of the
fluid 2214 in the conduit 2216.

According to an embodiment, the first chamber 2213 accommodates
a first elastic element (not represented) which exerts on the first piston 2212 an

20 action of intensity at least sufficient to bring about, in the absence of contact
between the second stop 2202 and the first stop 2201, the movement of the
first piston 2212 from the fifth position P5 towards the fourth position P4.

According to another embodiment, the capacitor 2215 is of type

opposing an elastic resistance to the entry of fluid 2214, and this elastic

25 resistance is of value at least sufficient to bring about the movement of the first
piston 2212 from the fifth position P5 towards the fourth position P4.
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This means that the seconc stop 2202 borne by the first piston 2212
can advantageously follow the first stop 2201 in its displacements in order to
prohibit a displacement for it only when necessary.

According to another embodiment, the capacitor 2215 is constituted
by a second cylinder 2218 accommodating a second piston 2219 as well as a
second elastic element 2221 which pulls the second piston 2219 in such a way
that it opposes itself elastically to the entry of fluid 2214 In the capacitor 2215.

Although this Is not represented, the apparatus 1 comprises an
electrical energy source, such as a storage battery.
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Claims

1. Hinged connecting apparatus (1) for a lower limb prosthesis (2),
this prosthesis (2) comprising

e a first part (201) capable of ensuring a thigh function,
5 e asecond part (202) capable of ensuring a leg function,

e athird part (203) capable of ensuring a knee function,

e a fourth part (204) capable of ensuring a foot function with a
view to supporting it on a support (3),

the hinged connecting apparatus (1) being incorporated in the third
10 part (203) in such a way as to ensure the hinged connection between the first
part (201) and the second part (202), and this between at least two relative
position which are: |
o a first position (P1) in which the first part (201) and the second
part (202) extend substantially in the prolongation one of the
15 other, forming a first angle (A1), and

e a second position (P2) in which the first part (201) and the
second part (202) form a second predetermined angle (A2)

corresponding to the maximal flexion permitted by the
prosthesis (2),

20 said hinged connecting apparatus (1) comprising an articulation
mechanism and a first device (1000) intended to oppose a predetermined
resistance at least during the flexion of the prosthesis (2), this resistance being
switched by said first device (1000) between two values which are:

e a predetermined maximal value selected by default, and
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e a predetermined minimal value selected after the first part
(201) and the second part (202), being situated in a third
position (P3) adjacent to the first position (P1), are pulled
towards the first position (P1) and are moved into this first
position (P1),

this hinged connecting apparatus (1) being characterized in that it
comprises a second device (2000) including at least:

- a first functional means (2100) capable of detecting the bearing of

the fourth part (204) on a support (3), at least by a first zone (2041) of this
fourth part (204) which corresponds to the front of a foot, and

- a second functional means (2200) capable

e of impeding the movement of the first part (201) and the
second part (202) towards the first position (P1) when,

ee on the one hand, they are situated in a third position (P3)
adjacent to the first position (P1) and they are pulled towards said first position
(P1) and

oo'on the other hand, the first functional means (2100) does not
detect the bearing of the fourth part (204) on a support (3) by said first zone
(2041),

e of allowing the movement of the first part (201) and the
second part (202) towards the first position (P1) when, on the
one hand, they are situated in a third position (P3) adjacent to
the first position (P1) and they are pulled toward the first
position (P1) and, on the other hand, the first functional
means (2100) detects the bearing of the fourth part (204) on a

support (3) by said first zone (2041) of the fourth part (204).



10

15

20

25

CA 02651717 2008-11-07

14

2. Apparatus (1) according to claim 1 and of type intended to fit a
prost\hesis (2) for a lower limb comprising a fifth part (205) intended to ensure
an ankle function, characterized in that the first functional means (2100) is
situated at the level of the fifth part (205) and is sensitive to mechanical
stresses which this fifth part (205) receives, in such a way as to detect the
bearing of the first zone (204 1) of the fourth part (204) on a support (3).

3. Apparatus (1) according to 1 to 2 <sic. one of the claims 1 to 2>,
characterized in that the second device (2000) comprises a third functional

means (3000) capable:

- of detecting the position of the first part (201) and of the second
part (202) in an angular sector of predetermined value at least contained

between the first position (P1) and the third position (P3),

- of informing the second functional means (2200) about the relative
position of the first part (201) and of the second part (202) in this angular sector
or outside this sector.

4. Apparatus (1) according to 1 to 3 <sic. one of the claims 1 to 3>,
characterized in that the second functional means (2200) comprises at least:

- a first stop (2201) which, borne at least indirectly by the second part
(202) of the prosthesis (2), adopts at least the same third position (P3) as said
second part (202),

- a second stop (2202) intended to co-operate with the first stop
(2201),

- a first functional element (2210) to guide the second stop (2202) at
least between two relative positions which are:

e a fourth position (P4) in which it finds itself opposed to the first
stop (2201) in order to be able to co-operate with the latter
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when it presents itself in the third position (P3), in such a way
as to impede its movement towards the first position (P1),

o a fifth position (P95) in which it allows the movement of the first
stop (2201) toward the first position (P1),

- a second functional element (2220) to immobilize the second stop
(2202) in the fourth position (P4) when the first functional means (2100) does

not detect the bearing of the fourth part (204) on a support (3) by said first zone
(2041) of this fourth part (204).

5. Apparatus according to <claim> 4, characterized in that:

- the first functional element (2210),

e consists of a first cylinder (2211) and first piston (2212) in
which the first piston (2212) bears the second stop (2202),
and the first cylinder (2211) comprises a first chamber (2213),
which, closed by the first piston (2212), contains a fluid (2214)
under the action of the first piston (2212) and is connected to
a capacitor (2215) by a transfer conduit (2216) for this fluid

(2214),

e Iis made up and configured in such a way that the second stop

(2202) borne by the first piston (2212) is able to be guided at
least between the fourth position (P4) and the fifth position

(P3),

- the second functional element (2220) is of controlled type and of
type permitting the control of the passage of the fluid (2214) in the transfer
conduit (2216) in such a way as to be able to impede the movement of the first

piston (2212) or to allow this movement.

6. Apparatus according to <claim> 5, characterized in that:
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- the fluid (2214) is a fluid of hydraulic type, and

- the second functional element (2220) for control of the passage of

the fluid (2214) in the transfer conduit (2216) consists of a controlled valve
(2220A) which, placed on the transfer conduit (2216) to be passed through by
the fluid (2214), comprises an obstructor (2217) movable between a first
situation (S1) opposing the passage of the fluid (2214) and a second situation

(S2) allowing the passage of said fluid (2214).

/. Apparatus according to <claim> 5, characterized in that:
- the fluid (2214) is a fluid of magetorheological type, and

- the second fﬁnctional eiement (2220) for control of the passage of
the fluid (2214) in the transfer conduit (2216) consists of a solenoid (2220B)
disposed locally about the conduit (2216) in such a way as to permit

. through a magnetic action, to coagulate the fluid (2214) locally
with a view to causing the obstruction of the conduit (2216), or

e In the absence of magnetic action, to allow the passage of the
fluid (2214) in the conduit (2216).

8. Apparatus according to 5 to 7 <sic. one of the claims 5 to 7>,

characterized in that the first chamber (2213) accommodates a first elastic
element which exerts on the first piston (2212) an action of intensity at least

sufficient to bring about, in the absence of contact between the second stop
(2202) and the first stop (2201), the movement of the first piston (2212) from
the fifth position (P5) toward the fourth position (P4).

9. Apparatus according to 5 to 7 <sic. one of the claims 5 to 7>,
characterized in that the capacitor (2215) is of type opposing an elastic
resistance to the entry of fluid (2214), and this elastic resistance is of value at
least sufficient to bring about the movement of the first piston (2212) from the

fitth position (P5) towards the fourth position (P4).
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10. Apparatus according to <claim> 9, characterized in that the
capacitor (2215) is constituted by a second cylinder (2218) accommodating a
second piston (2219) as well as a second elastic element (2221) which pulls the
second piston (2219) in such a way that it opposes itself elastically to the entry
of fluid (2214) in the capacitor (2215).

11. Prosthesis (2) for a lower limb provided with the apparatus (1)
according to any one of the claims 1 to 10.
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